ABSTRACT
INTRODUCTION

48
The dynamic shear modulus of soils, G, is a material property widely used in evaluating 49 wave propagation through soil layers and predicting ground deformations and the dynamic 50 response of earth structures under cyclic, dynamic, or earthquake loading. Experimental studies 51 on silts and clays illustrated that the following soil characteristics tend to have a significant effect 52 on dynamic shear modulus of soils: the mean effective stress p′, void ratio e, degree of saturation 53 S r , stress history (i.e., the overconsolidation ratio, OCR), maximum principal stress difference, to strain development during dynamic loading (Birgisson et al. 2007 ). Due to these mechanisms, 74 a more complex model to capture trends in the small strain shear modulus of unsaturated soils 75 with these different phenomena may be needed than those used for dry or saturated soils.
76
Although it is well understood that unsaturated stress state variables, mean net stress, p n , and defined by fitting the model to the experimental G max data using least-squares regression.
116
In the work presented herein, an experimental study has been performed to investigate the 117 evolution of the yield surface of unsaturated silt specimens following drying and wetting paths.
118
These results were then used to independently define key parameters that are needed to predict 119 the variation in G max for unsaturated soils during hydraulic hysteresis using the model proposed
120
by Khosravi and McCartney (2012) . In this regard, the evolution of the yield surface during statically-compacted silt specimens with an initial void ratio of 0.69.
145
Specimen preparation
146
Laboratory tests to assess the effect of suction-induced hardening on the small strain shear 147 modulus of low plasticity soils were performed on a group of specimens which were completely 148 remolded and prepared in the laboratory. To prepare the tested specimens, the soil particles were 
159
EXPERIMENTAL SETUPS
160
Isotopic compression test setup
161
In the current study, a conventional triaxial cell modified with the Axis Translation technique 162 (Hilf 1956 ) was used to outline the effects of suction on the behavior of soils at large strain. The shear wave velocity of the soil specimen. G max was then calculated from V s as follows:
where  is the mass density of the soil specimen.
192
In this test device, the axis translation technique (Hilf 1956 ) was implemented to control to evaluate the saturation of the tested specimens, and was found to be 0.98 or higher for the tests 221 presented in this paper.
222
Once the saturation stage ended, the desired matric suction was introduced at the boundaries and sufficient time was permitted to reach hydraulic equilibrium. In this study, "equilibrium" 227 was defined as being reached when there was no change in water outflow for at least 10 hours.
228
After reaching hydraulic equilibrium, the isotropic compression test was initiated by increasing 229 the cell pressure in stages to achieve mean net stresses as high as of 1400 kPa, while keeping the 230 pore pressures constant.
231
At the end of the test, the specimens were removed from the cell and their dimensions, column test on the specimen under drained conditions at the desired mean net stress.
248
After this point, the flow pump was used to withdraw water from the bottom of the specimen
249
(through the HAE disc) at a constant rate until a target suction value is obtained. The flow pump 
258
RESULTS
259
Isotropic compression test results
260
Five isotropic compression tests (one under saturated condition, three along the drying path During an isotropic compression test on unsaturated soil, due to collapse of the voids in the 272 pore space, all of the specimens exhibited a decreasing volume as the mean net stress was 273 increased (Figure 3a) . However, those soil specimens that were subjected to higher levels of those with a lower initial degree of saturation.
281
For an isotropic stress state, the process of hardening experienced by the compacted soil is where p′ is the mean effective stress, p n is the net stress, and p s is the mean suction stress.
291
Suction stress is a stress variable which describes the contribution of matric suction to the 
303
Resonant column test results
304
The results from the resonant column tests at various values of mean net stress are shown in with a value of S r,res equal to 0.05.
311
The results presented in Figure 6 suggest that the mean net stress has great influence on water the SWRC to the right (i.e., higher air entry suction) from its location at low mean net stresses.
316
During wetting, a higher energy is required to displace air trapped in the larger pores of the soil 317 specimens under lower mean net stresses. As a result, the soil specimens will absorb less water 318 during wetting and their hydraulic hysteresis loop will be larger compared to those subjected to 319 higher values of mean net stress.
320
In contrast to the S r measurements, only minor changes in void ratio were recorded along the saturation. In the second regime, the value of G max followed a nonlinear trend at higher suctions,
330
where the changes in suction on the drying path led to significant changes in the degree of 331 saturation. During wetting, the soil specimen initially absorbed a small amount of water along a 332 scanning path. Accordingly, only a slight reduction in G max with decreasing  was recorded.
333
Between the water-entry value and the air-expulsion value, the soil started to absorb more water 334 along the wetting path of the SWRC leading to a greater decrease in G max with a decrease in.
335
The effect of subsequent drying and wetting on the small strain shear modulus was also 336 examined by performing a series of resonant column tests on a specimen with an initial void ratio of 0.69 along subsequent cycles of drying and wetting. In this regard, after achieving the full 338 saturation of the tested specimen using the backpressure technique, the soil specimen was 339 initially dried to a suction value of 31 kPa along the main drying path of the SWRC. After that, 
352
ANALYSIS
353
In early studies on G max of saturated and dry soils (Hardin 1978) , hardening effects were 354 considered through the overconsolidation ratio, OCR, defined as:
where p c ′ is the mean apparent preconsolidation stress and p′ is the mean effective stress. In an S e is the effective saturation which is defined using Eq. 2. Eq. 7 is very similar to that defined by Eq. 7 can be assumed to be zero and the equation of p c´ can be re-written as follows:
c e c dp bdS p

The advantage of using Eq. 8 to predict the value of p c´ is that it only requires a single 
